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D scription 

[0001] The present invention relates generally to gas 
turbine engin s, and, more specifically, to turbofan en- 
gines. 5 
[0002] A turbofan gas turbine engine includes a fan 
for pressurizing ambient air to produce propulsion thrust 
for powering an aircraft in flight, with the fan being pow- 
ered by a core engine. Disposed downstream from the 
fan is a multi-stage axial compressor that pressurizes a 10 
portion of the fan air which is then mixed with fuel in a 
combustor for generating hot combustion gases which 
flow downstream through turbine stages that extract en- 
ergy therefrom. A high pressure turbine powers the 
compressor by rotating a shaft the re between. And, a low 15 
pressure turbine powers the fan by rotating a fan shaft 
therebetween. 

[0003] The fan shaft is supported n a bearing near 
the fan with the bearing in turn being supported by a 
bearing support fixedly joined to a stationary fan frame. 20 
During normal operation, the fan rotates dynamically 
balanced, and the fan bearing maintains concentric 
alignment of the fan within a surrounding fan casing, and 
carries operational loads into the fan frame. 
[0004] The fan includes a row of large rotor fan blades 25 
extending radialiy outwardly from a supporting rotor 
disk, and is subject to foreign object carnage (FOD). For 
example, a large bird may be inges:ed by the engine 
and strike one or more of the fan blades causing sub- 
stantial damage thereto including liberation thereof from 30 
the supporting fan disk. Accordingly, a substantial rotary 
imbalance load will be created in the damaged fan, 
which imbalance load must be suitably carried by the 
fan bearing, its support, and fan fra-~e 
[0005] In orde'io accommodate the possibility of such ^5 
a large abnorma : imbalance load, the ■* arious supporting 
components for the fan may be sized for additional 
strength required therefor. However. :ne stronger sup- 
porting components undesirably increase weight of the 
engine and decrease overall efficiency of the engine *o 
when used in normal operation without substantial rotor 
imbalance. 

[0006] Another solution for large imbalance loads is 
the introduction of a bearing support which intentionally 
severs in the imbalance event for de-coupling the fan 45 
from the bearing support. In this event, the fan is sup- 
ported by its relatively flexible fan shaft which reduces 
the fan critical speed well below the maximum operating 
speed thereof. The fan accordingly operates dynamical- 
ly supercritical for significantly reducng orbit of the fan so 
disk and imbalance loads therefrom The fan speed is 
then reduced and crosses the fan critical speed at a rel- 
atively low value with rapid deceleration having corre- 
spondingly reduced peak loads therefrom. 
[0007] The stiffened bearing support configuration is 55 
sufficiently strong to prevent any structural failure there- 
of. However, by softening the structural load path to in- 
troduce intentional failure for abnormal fan loads, the 
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load path components are subject to undesirable fatigue 
damage which could adversely reduce the life thereof. 
[0008] The ability to introduce the de-coupling bearing 
support is limited by the particular bearing support de- 
sign and available space. Since the bearing support is 
located radially inwardly of the fan blades, little available 
space is provided for introducing de-coupling features 
without undesirably increasing the overall diameter of 
the fan. And, the de-coupling configuration should have 
minimal variability between the maximum load capabil- 
ity thereof prior to the de-coupling failure and the mini- 
mum load capability for normal operation without accu- 
mulating life-limiting fabgue damage. 
[0009] Accordingly, it is desired to provide an im- 
proved fan de-coupling system with minimal variaoility 
between maximum load capability and minimum load 
capability without life- limiting fatigue damage. 
[0010] According tc zne aspect of the invention, mere 
is provided a fan de-ccuplingfuse includes a ring having 
a row of fuse holes circumferentially spaced apart from 
each other by fuse iigaments sized to fail under shear 
when carrying abnormal radial loads from the fan 
[0011] The invention will now be described in greater 
detail, by way of exarrole, with reference to the draw- 
ings, in which:- 

Figure 1 is a partly sectional, elevational view cf the 
fan section of a tu'bofan gas turbine engine in ac- 
cordance with a- exemplary embodiment of the 
present invention 

Figure 2 is an en.arged, elevational sectional view 
of the fan beannc ! llustrated in Figure 1 supported 
by a fan de-cour ng fuse in accordance with and 
exemplary embo: ment of the present invention. 

Figure 3 is an iscr-etric view of a portion of the an- 
nular fuse illustra:ed in Figure 2 in isolation. 

Figure 4 is an enlarged sectional view of the fan de- 
coupling fuse illustrated in Figure 2. 

Figure 5 is a radiany inwardly facing view of a por- 
tion of the fan de-coupling fuse illustrated in Figure 
3. 

Figure 6 is a partly sectional, elevational view 
through one of the fuse ligaments of the fuse illus- 
trated in Figure 5 and taken along line 6-6. 

[0012] Illustrated in r igure 1 is the front portion of a 
turbofan gas turbine engine 10 configured for powering 
an aircraft in flight. The engine is axisymmetrical about 
a longitudinal or axiai centerline axis and includes a fan 
12 mounted concentrically inside a surrounding fan cas- 
ing 14. 

[0013] The fan 12 includes a row of relatively large 
rotor fan blades 16 expending radially outwardly from a 
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supporting rotor disk 18. The dis< in turn is suitably 
joined to a fan shaft 20. 

[0014] In the exemplary embodiment illustrated in Fig- 
ure 1 , a low pressure or booster compressor 22 is dis- 
posed downstream from the fan and is commonly joined 
to the fan shaft for initially pressurizing a lower portion 
of ambient air 24. The fan itself pressurizes the air during 
operation, the outer portion of which is discharged from 
the engine for producing propulsion thrust. 
1001 5] The inner portion of the airfrom the fan is chan- 
neled through the booster compressor and in turn to a 
multi-stage axial compressor 26, shown in forward part, 
which further compresses the air which is then mixed 
with fuel and ignited in a combustor (not shown) for gen- 
erating hot combustion gases which flow downstream 
through turbine stages (not shown) which extract energy 
therefrom for powering both the ^an and compressor 
during operation. 

[0016] The compressor 26 is powered by a high pres- 
sure turbine (not shown) by rotating a corresponding 
shaft therebetween. And, a low r -assure turbine (not 
shown) powers the fan 12 by rotating the fan shaft 20 
therebetween. 

[0017] The fan 1 2 is rotatably supported during oper- 
ation by a conventional fan orforward bearing 28, which 
may have any conventional form and typically surrounds 
the junction of the fan disk 1 8 and the fan shaft 20. The 
bearing 28 in turn is supported by a bearing support 30 
which in turn is fixedly joined to an annular fan frame 32 
disposed downstream therefrom The fan frame in- 
cludes a plurality of radial struts wnich support the fan 
casing and nacelle at the outer ercs thereof. The inner 
ends of the fan struts are joined to a common hub which 
additionally supports the fan shaft a: additional bearings 
in a conventional manner. 

[0018] During normal operation the fan rotates dy- 
namically balanced and is driven cy the fan shaft 20 at 
suitable operating speed for pressurizing the ambient 
air 24 and producing propulsion thrjst. The various aer- 
odynamic, centrifugal, and vibratory loads experienced 
by the fan are carried through the forward bearing 28 
into the fan frame 32. The bearing support 30 and fan 
frame 32 are suitably sized for carrying these normal 
operational loads without accumu ating life-limiting fa- 
tigue damage. 

[0019] However, in the event of FDD for example, 
which may occur due to a large bird striking one of the 
fan blades 16. a part or all of one fan blade may be bro- 
ken, as shown in Figure 1 . and correspondingly liberat- 
ed into the surrounding fan casing wherein it is suitably 
contained. The liberated fan blade portion is ejected ra- 
dially outwardly due to centrifuga ; force, with the fan 
then becoming unbalanced with a resulting radial imbal- 
ance force or load F directed in the radially inwardly, op- 
posite direction. The imbalance force must be suitably 
accommodated for preventing secondary damage to 
other components of the engine during the time it takes 
to shut down operation of the damaged engine. 


[0020] In accordance with the present invention, a fan 
de-coupler syst m 34 is introduced in the fan for auto- 
matically de-coupling the fan 1 2 from its bearing support 
30 during abnormal rotor imbalance such as that due to 
5 a large bird strike or fan bladeout event in which a sub- 
stantially large fan imbalance load F is generated. 
[0021] The damaged fan 12 itself introduces the radial 
imbalance force F in the event of abnormal operation, 
which imbalance force rotates about the engine center- 

10 line axis as the engine is shut down. Accordingly, the 
unbalanced fan 12 remains attached to the fan shaft 20 
and carries the imbalance loads thereto. 
[0022] The imbalance loads are in turn carried to the 
fan bearing 28 which rotatably supports the forward end 

15 of the fan shaft 20. 

[0023] And, a fan de-coupling fuse 36 In accordance 
with the present invention is introduced for supporting 
the bearing 28 to the bearing support 30 which are fix- 
edly interjoined together in turn for carrying normal bear- 

20 ing loads to the fan frame 32. 

[0024] The fan de-coupling fuse 36 is illustrated in 
combination in a preferred embodiment in Figure 2, and 
in part in isolation in Figure 3. The fan de-coupling fuse 
is specifically configured for carrying normal operational 

25 loads from the fan through the forward bearing 28 into 
the bearing support 30 and then into the fan frame. Yet, 
during abnormal operation of the fan in which an abnor- 
mal fan imbalance load F of predetermined value is gen- 
erated, the fuse 36 will sever for de-coupling the fan and 

30 its bearing 28 from the bearing support 30 and thus per- 
mit unrestrained rotation of the fan with the remaining 
support provided by the fan shaft 20. 
[0025] In this way. the fan critical speed will drop well 
below the maximum operating speed of the fan 'or sub- 

35 stantially reducing orbit of the fan and rotor shaft, and 
radial loads generated therefrom during the abnormal 
operation. The affected engine will be shut down and 
the fan speed will decrease with relatively rapic decel- 
eration crossing the lower fan critical speed with re- s 

to duced peak loads. 

[0026] As shown in Figures 2 and 3, the fuse 36 in- 
cludes a center ring 38 integrally joined with an annular 
forward radial flange 40 at the forward end thereof and 
an integral annular aft radial flange 42 at an aft end 

4S thereof, preferably in a one-piece or unitary configura- 
tion. As shown in Figure 2, the bearing 28 may have any 
conventional form and includes an annular outer race 
28a, an annular inner race 28b, and suitable bearing el- 
ements 28c therebetween. The inner race is suitably 

50 mounted at the juncture of a mounting flange for the ro- 
tor disk 18 and the fan shaft 20. And, the outer race 28a 
includes a seat in which the fuse forward flange 40 is 
fixedly mounted by a row of axial fasteners in the form 
of bolts and cooperating nuts. 

55 [0027] Similarly, the fuse aft flange 42 is fixedly 
mounted in a complementary seat formed in the forward 
end of the bearing support 30 and fixedly joined thereto 
oy a row of additional fasteners in the form of bolts and 
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cooperating nuts. In this way, a direct load path is de- 
fined from the fan disk 1 8 and shaft 20 racially outwardly 
through the bearing 28 and through the fuse 38 for car- 
rying all normal loads during operation to the bearing 
support 30 and In turn to the fan frame. 
[0028] The de-coupling fuse 36 is Illustrated in more 
particularity in Figures 4 and 5. The fuse mg 38 includes 
a row of fuse holes 44 extending radialy through the 
ring 38 and circumf erentially spaced apart by interven- 
ing, axially extending fuse links or ligaments 46. The lig- 
aments 46 are preferably sized and configured to fail 
under shear when carrying a predetermined abnormal 
radial load from the fan, such as that occurring during 
FOD. 

[0029] For example, one of the fan trades may be 
bent or partially ejected during a FOD event for intro- 
ducing the imbalance load F. A suitable value of the im- 
balance load F may be selected for eac design appli- 
cation and used for sizing the fuse ligaments 46 so that 
they fail under shear as the imbalance loads are carried 
through the load path including the fan bearing 28, fuse 
36, and bearing support 30. 

[0030] The fuse ring 38 illustrated in Fgure 4 is pref- 
erably cylindrical and includes a circurrferentially con- 
tinuous, annular forward section 38a a: one end inte- 
grally joined to the forward flange 40. Tre ring also in- 
cludes a circumferentially continuous, a-nular aft sec- 
tion 38b integrally joined to the aft fiance 42. And, the 
forward and aft sections 38a. b are integrally joined to- 
gether by a center section defined by the row of axially 
extending fuse ligaments 46 separatee by the corre- 
sponding fuse holes 44. 

[0031] The ring 38 including theforwa- and aft flang- 
es 40,42 is preferably a one-piece or unr.ary component 
integrally including the forward and aft sections 38a, b 
and ligaments 46 extending axially therebetween. The 
ring forward and aft sections are preferat s y imperforate, 
with the center section therebetween resng perforate 
with the fuse holes 44. And, the ring preferably has a 
substantially constant radial thickness A between the 
two end flanges, except as locally thinne: in a preferred 
embodiment of the ligaments described nereinbelow. 
[0032] The unitary, cylindrical construction of the fuse 
36 illustrated in Figure 4 may be formed ~om a conven- 
tional forging of high-strength metal and machined to the 
desired configuration illustrated. In this way, the fuse 36 
itself defines a relatively rigid or stiff three-dimensional 
ring having substantia! strength for carry ng both radial 
bending and shear loads between the two opposite 
flanges thereof during operation. During normal opera- 
tion, normal loads from the rotating ten are carried 
through the fuse 36 to the bearing support without life- 
limiting fatigue damage. Both radial benring loads and 
shear loads are readily carried through the cylindrical 
fuse 36. 

[0033] However, during the FOD evert in which the 
imbalance load F exceeds a predetermined value, the 
fuse ligaments 46 are designed to fail rreferably only 


under shear stress for disconnecting the forward flange 
40 and forward section 38a from the aft flange 42 and 
aft section 38b for de-coupling the fan from the b aring 
support. 

5 [0034] As shown in Figure 5, the ligaments 46 are 
preferably located in the middle of the ring 38 generally 
in the center between the forward and aft sections 38a, 
b thereof for minimizing bending forces therein due to 
bending moments. Shown schematically in Figure 5 is 

10 a bending force diagram in which the imbalance load F 
is reacted over the axial extent of the fuse ring 38 be- 
tween the two end flanges 40, 42. A corresponding con- 
stant shear force S diagram is also illustrated. 
[0035] As the radially directed imbalance force is car- 
's ried from the forward flange 40 to the aft flange 42, a 
reaction force in opposition thereto is generated which 
creates a corresponding bending moment therebe- 
tween. The corresponding bending forces change direc- 
tion at an inflection point preferably located at the axial 

20 center of the ligaments 46 for eliminating bending 
stresses thereat while experiencing substantially only 
shear stress at the center of the ligament. 
[0036] With this configuration, the ligaments 46 may 
be specifically sized and configured for failing primarily 

25 only under shear stress for effecting the desired fuse 
function. In this way minimum variability is obtained be- 
tween the maximum loae that the fuse is capable of 
transmitting before failure end the minimum load it is ca- 
pable of carrying without [Tfe-limiting fatigue damage. 

30 [0037] As illustrated in Figure 5, the shape of the fuse 
holes 44 defines the corresponding side configuration 
of the intervening fuse ligaments 46. Preferably, the fuse 
holes 44 are arcuate or generally semi-circular on op- 
posite sides of the corresponding ligaments 46 which 

35 correspondingly have center waists which are relatively 
narrow in the circumferential direction. For example, the 
axial configuration of the igaments 46 is similar to the 
historical hour-glass. In mis way, the individual liga- 
ments have a narrow waist at which the shear loads gen- 

40 erate concentrated stress for ensuring failure thereat 
underthe abnormal imbalance load. The identically con- 
figured multiple ligaments and waists decrease variabil- 
ity of the loads required to cause the desired fuse failure 
around the circumference of the fuse. 

45 [0038] As shown in Figure 4, each of the ligaments 46 
preferably includes at least one notch 48 at the corre- 
sponding waist thereof for additionally reducing cross 
sectional area locally thereat. The arcuate curvature of 
the fuse hole 44 in Figure 5 introduces the narrow waist 

50 jn the circumferential sides of the ligament, whereas the 
notches 48 illustrated in Figure 4 introduce correspond- 
ing narrow waists in either the radially outer or inner sur- 
face cf the ligament, or both. 

[0039] In the preferred embodiment illustrated in Fig- 
55 ure 4. the notches 48 are arcuate, such as portions of 
circles, and disposed both in the radially outer and inner 
surfaces of each of the ligaments 46 so that the axial 
center of each ligament has a narrow waist in both the 
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axial and radial directions. 

[0040] In this way. precisely located stress concentra- 
tions may be intentionally introduced at the center of 
each ligament for nsuring shearfailure thereat at shear 
stress levels corresponding with the predetermined ab- 
normal imbalance toad F. Stress concentrations are or- 
dinarily not desired in load carrying elements, and are 
normally avoided in good engineering practice. 
[0041] However, by specifically introducing local 
stress concentrations solely at the center of the corre- 
sponding ligaments 46, specific and precise shear fail- 
ure may be limited to this location without otherwise 
compromising the substantial load carrying capability of 
the fuse 36. As indicated above, the fuse 36 has a rel- 
atively constant radial thickness and is relatively rigid 
and stiff for carrying bending and shear loads during nor- 
mal operation. 

[0042] The stress concentration introduced at the 
middle of the ligament 46 corresponds with the low 
bending forces carried at the corresponding inflection 
point thereof, and therefore does not compromise bend- 
ing load carrying capability of the fuse, with the stress 
concentration havmg little or no effect on bending forc- 
es. The stress concentration is primarily limited to the 
shear loads and ensures intended failure at a specific 
shearforce substantially above normal shearforces car- 
ried during normal operation of the fuse. 
[0043] As shown in Figure 5, the fuse holes 44 are 
preferably oval in the circumferential ejection circurrv 
ferentially between adjacent ligaments 46. The ova! 
holes in this orientation limit the axial length of the indi- 
vidual ligaments 4c while maximizing the axial length of 
the ring forward and aft sections 38a, b. This increases 
the overall stiffness and strength of the fuse while locally 
introducing the desired fuse ligaments «i5. 
[0044] in the preferred embodiment illustrated in Fig- 
ure 5, the oval fuse holes 44 have semi-circular circum- 
ferentialiy opposite ends which define ne circumferen- 
tial sides of the ligaments 46, and circumferentially 
straight axially opposite ends which collectively define 
a generally oblong or racetrack configuration. The race- 
track holes 44 introduce axially shorter ligaments than 
for circular fuse holes, with the same cross sectional ar- 
ea available for carrying shear loads. 
[0045] However, the axially shorter ligaments for the 
racetrack holes substantially increase shear stiffness, 
in addition to increasing bending stiffness of the fuse. 
The resulting fuse maintains substantial stiffness and 
strength for carrying loads during norma 1 - operation with- 
out failure or life-limiiing fatigue damage, while ensuring 
a more precise shearfailure when intended during the 
abnormal FOD event. 

[0046] In this way. maximum uncoupling of bending 
loads and shear loads occurs at the narrow waist of each 
ligament for optimizing mechanical strength for normal 
operation while permitting intended shear failure for the 
predetermined abnormal imbalance load. 
[0047] The cross sectional configurat.cn of each liga- 


ment 46 may be chosen as desired for ensuring shear 
failure und r abnormal loading, while maximizing fuse 
strength during normal operation and normal load car- 
rying capability, with substantial fatigue strength. Th 

5 cross sectional profile of the fuse ligaments should b 
symmetrical irrespective of the rotary position of the lig- 
ament around the circumference of the annular fuse. 
[0048] As illustrated in Figures 1 and 3, the imbalance 
load F necessarily rotates around the engine centeriine 

10 axis until the fan comes to a stop. Since the fuse 36 is 
a three-dimensional ring, maximum shear loads are 
generated in the ring 90E3from the direction of the rotat- 
ing imbalance load F. For example, when the imbalance 
load F is directed radially downwardly at about the 6 

15 o'clock position illustrated in Figure 3, the maximum 
shear loads occur at the 3 o'clock and 9 o'clock positions 
on the sides of the fuse 36. 

[0049] This is illustrated schematically in Figure 5 
where the radial imbalance load F introduces a bending 

20 moment between the two supportingflanges 40,42. with 
the bending loads having an inflection point of zero 
bending force at the center of the ligaments 46. Howev- 
er, the shear loads S have a constant value across the 
axial direction of the fuse including the ligaments 46 

25 [0050] As shown in Figure 6, each of the ligaments 46 
preferably has a substantially square cross section at 
the middle of the notches and side waists for ensuring 
uniformity of application of the shear loads as the imbal- 
ance force rotates circumferentially around the fuse In 

30 practice, the fuse ligaments 46 located 90Dfromthe di- 
rection of the rotating imbalance force will first fail, and 
then in a zipper-like fasnion, the subsequent ligaments 
will fail in sequence following the direction of rotation of 
the rotating imbalance force until all the ligaments have 

35 failed and sever the forward and aft portions of the fuse 
following the imbalance event. 

[0051] Accordingly, fuse ligaments of rectangular 
configuration are not preferred in view of their increased 
shear strength along tr.e major axis of the rectangle 

to which would undesirably increase the non-uniformity of 
shear failure load required for severing the individual lig- 
aments in turn. However, circular profile ligaments are 
desirable but are difficult to manufacture in the ma- 
chined fabrication of an initially forged fuse ring. Aiter- 

45 natively, casting of the fuse ring with circular or other 
intricately shaped fuse ligaments may be practical 
where design loads permit. 

[0052] A particular advantage of the fuse 36 illustrated 
in Figure 2 is its compact size and relative simplicity in 

50 the form of a cylindrical nng having a common outer di- 
ameter, and a common inner diameter. The fuse nng 
therefore requires little radial space for its introduction 
since it extends primarily in the axial direction. 
[0053] Accordingly, the cylindrical fuse 36 has partic- 

55 ular advantage in combination with the bearing support 
30 in the form of a conical housing which increases in 
diameter aft from the fuse 36. The bearing support 30 
has increased stiffness and strength due to its conical 
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configuration, but correspondingly reduces the availa- 
ble radial envelope in which to mount both the bearing 
28 and the fuse 36 at its forward end. 
[0054] Since the fuse 36 extends primarily only in the 
axial direction at a common, nominal diameser, it may 5 
be readily fixedly attached to the forward end of the con- 
ical bearing support 30, with the forward end of the fuse 
being fixedly joined to the outer race of the bearing. In 
this configuration, the fuse 36 requires no increase in 
radial space for its introduction in combination with the 
conical bearing support 30, and may therefore be used 
in retrofit applications with minimal design changes. 
[0055] For example, one turbofan aircraft gas turbine 
engine used in commercial service in this country for 
many years includes a cylindrical forward reusing or 
ring for joining a fan bearing and conical bearing support 
similar to those illustrated in Figure 2. This forward hous- 
ing, like the fuse 36 illustrated in Figure 2. iroudes for- 
ward and aft mounting flanges with a constant thickness 
cylindrical ring therebetween. 

[0056] However, this forward housing inches a row 
of circular radial holes therethrough substantially 
spaced apart from each otherfor providing passages for 
air and oil during operation. The circular hoies have di- 
ameters of about 19 mm and a pitch spacing of about 5 
cm. This forward housing is specifically sizes and con- 
figured for carrying norma! as well as abnormal bearing 
loads without failure. And. the entire load pa:- including 
this forward housing is also sized for carrying :ne normal 
and abnormal loads, which requires sufficie*' strength 
and corresponding increase in weight therefcr. 
[0057] In contrast, this forward bearing hc-sing may 
be readily retrofitted by the specifically conf cured fuse 
of the present invention for introducing interzonal fuse 
failure for de-coupling the fan from the bearrg support 
for many of the advantages described a:ove. The 
number of holes would be suitably increase: and the 
holes would be sized and configured for fc — »ing axial 
ligaments correspondingly sized and configured for in- 
tentional fuse-failure under the desired shea r load. 
[0058] In the preferred embodiment illustrated in fig- 
ure 3, the circumferential pitch of the fuse roles 44 is 
less than twice the circumferential length thereof, and 
the resulting fuse ligament 46 is circumfere-uaily nar- 
rower than the fuse holes. Collectively, the numerous, 
closely spaced together ligaments effect substantial 
stiffness and strength in the fuse for carrying all normal 
loads without accumulating fatigue damage However, 
the rotating unbalance load during abnorma operation 
initiates shearfailure in one or more local fuse ligaments 
which then fail in a domino sequence. 
[0059] In derivative designs of the retrofit engine, the 
entire load path for the forward bearing may be rede- 
signed for the reduced strength associated wrtn the fuse 
introduction to correspondingly decrease the overall 
weight of the engine while maintaining acceotable op- 
eration during the abnormal operation. 
[0060] As indicated above, the unitary fuse 36 is rel- 


atively simple in configuration and compact and uses 
multiple, evenly spaced ligaments specifically designed 
to fail in shear at a given design load. The ring is axially 
short and structurally stiff at both ends and ensures cir- 
cumferentially even distribution of loading between lig- 
aments when the radial imbalance load is applied to the 
forward end of the fuse while the aft end of the fuse is 
supported by the bearing support. 
[0061] The specifically configured ligament waists 
have significantly smaller cross sectional area than ax- 
ially opposite sections thereof in which the peak shear 
stress is located for ensuring the location of expected 
shear failure for reducing variability in shear failure 
loads. 

[0062] The ligament cross sections are pref rably 
square, or may be round, but may also have any geo- 
metric shape which allows the oeak section stress to re- 
main constant as the shear load direction is rotated. This 
feature allows for nearly equivalent peak stresses in 
each ligament circumferentialfy around the ring thereby 
minimizing redistribution of loads once the material yield 
stress is reached at the peak stress location. This also 
minimizes the load variation from the fatigue life point to 
the ultimate failure point of the ring. 
[0063] The ligaments and their preferred waists are 
centrally located axially for ensuring that the loads car- 
ried therethrough are substantially shear loads only, 
with little or no bending loads The ligaments carry the 
imbalance load in shear resu^ng in peak stress occur- 
ring in the center of the ligamerr cross section, and thus- 
ly maximizing the fatigue capability of the section for a 
given load capability. This also minimizes the load var- 
iation from the fatigue life pent to the ultimate failure 
point of the ring. 

[0064] To further increase fatigue life of the fuse, the 
individual ligaments 46 illustrated in Figure 6 may be 
conventionally treated for plastically compressing the 
surface layer around each ligament to introduce a resid- 
ual compressive stress surface layer 50. Conventional 
shot peening or laser shock peening may be used to 
advantage to introduce the compressive surface layer 
50 for enhancing fatigue life of the fuse. 
[0065] Although the fuse 36 is disclosed above with 
respect to a preferred emboc Tient as a separate, uni- 
tary cylindrical ring fixedly joined to the bearing outer 
race at one end and fixedly joined to the forward end of 
the bearing support 30, the fuse may be integrally 
formed in either of those two elements. 
[0066] For the sa ke of gooc order, various aspects cf 
the invention are set out in the following clauses:- 

1 . A fan de-coupling fuse comprising a ring having 
a row of fuse holes circumferentially spaced apart 
from each other by fuse ligaments sized to fail under 
shear when carrying a predetermined abnormal ra- 
dial load from said fan. 

2. A fuse according to clause 1 wherein said ring is 
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cylindrical and includes an annular forward section 
axially joined to an annular aft section by said liga- 
ments for carrying bending and shear loads there- 
between. 

5 

3. A fuse according to clause 2 wherein said liga- 
ments are located in the middle between said for- 
ward and aft sections for minimizing bending forces 
in said ligaments. 

10 

4. A fuse according to clause 3 wherein said ring is 
a unitary component integrally including said for- 
ward and aft sections and ligaments therebetween, 
and said forward and aft sections are imperforate. 

15 

5. A fuse according to clause 3 wherein said holes 
are arcuate at said ligaments, and said ligaments 
correspondingly have narrow waists. 

6. A fuse according to clause 5 wherein said liga- 20 
ments include corresponding notches at said waists 

for reducing cross sectional area thereat. 

7. A fuse according to clause 6 wherein said notch- 
es are arcuate and disposed in radially outer and 25 
inner surfaces of said ligaments. 

8. A fuse according to clause 6 wherein said fuse 
holes are oval circumferentially between adjacent 
said ligaments. 30 

9. A fuse according to clause & whe*ein said oval 
fuse holes have semi-circular orcunf erentially op- 
posite ends, and circumferentially straight axially 
opposite ends. 35 

10. A fuse according to clause 6 wherein said liga- 
ments have substantially square cress sections at 
the middle of said notches and waists. 

40 

11 . A fuse according to clause 6 further comprising 
an annular forward flange integrally joined to said 
forward section, and an annular aft flange integrally 
joined to said aft section for mounting said fuse be- 
tween a bearing and bearing support. 45 

12. A fuse according to clause 11 in combination 
with said bearing fixedly supported by said forward 
flange, said bearing support being fixedly joined to 
said aft flange, and said fan being rotatably support- so 
ed by said bearing. 

13. A combination according to clause 12 wherein 
said bearing support is conical and increases in di- 
ameter aft from said fuse. 55 

14. A fan de-coupling fuse comprising: 


a unitary cylindrical ring including an imperfo-* 

rate forward section, imperforate aft section, 

and a center section therebetween defined by 

a row of fuse holes circumferentially spaced 

apart by corresponding axial fuse ligaments 

sized to fail under shear; 

an annular forward flange integrally joined to 

said forward section; and 

an annular aft flange integrally joined to said aft 

section. 

15. A fuse according to clause 14 wherein said 
holes are arcuate at said ligaments, and said liga- 
ments correspondingly have narrow waists. 

16. A fuse according to clause 15 wherein said lig- 
aments include corresponding notches at said 
waists for reducing cross sectional area thereat. 

17 A fuse according to clause 16 wherein: 

said notches are arcuate and disposed in radi- 
ally outer and inner surfaces of said ligaments: 
and 

said fuse holes are oval circumferentially be- 
tween adjacent ligaments, and have semi-cir- 
cular circumferentially opposite ends, and cir- 
cumferentially straight axially opposite ends. 

16. A fuse according to clause 17 wherein said lig- 
aments have substantially square cross sections at 
the middle of said notches and waists. 

19 A fan de-coupler system comprising: 

a fan attached io a fan shaft; 
a bearing rotatab»y supporting said fan shaft: 
a fan de-coupling fuse supporting said bearing, 
and including a unwary ring having a row of fuse 
holes circumferentially spaced apart from each 
other by axial fuse ligaments sized to fail under 
shear due to a predetermined abnormal load 
from said fan; and 

a bearing support fixedly joined to said fuse for 
supporting said bearing and fan shaft. 

20. A system according to clause 19 wherein: 

said fuse holes are oval circumferentially be- 
tween adjacent ligaments, and have semi-cir- 
cular circumferentially opposite ends, and cir- 
cumferentially straight axially opposite ends, 
and 

said ligaments have correspondingly narrow 
waists including notches in radially outer and 
inner surfaces thereof for reducing cross sec- 
tional area thereat. 


13 
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Claims 


9. A fan de-coupler system (34) comprising: 


1. A fan de-coupling fuse (36) comprising a rag (38) 
having a row of fuse holes (44) circumferentially 
spaced apart from each other by fuse ligaments 5 
(46) sized to fail under shear when carrying a pre- 
determined abnormal radial load from said fen (12). 

2. A fuse according to claim 1 wherein said rhg (38) 

is cylindrical and includes an annular forward sec- 10 
tion (38a) axially joined to an annular aft section 
(38b) by said ligaments (46) for carrying tending 
and shear loads therebetween. 

3. A fuse according to claim 2 wherein said ligaments 15 
(46) are located in the middle between saidiorward 
and aft sections (38a, b) for minimizing tending 
forces in said ligaments. 

4. A fuse according to claim 3 wherein said n*g (38) 20 
is a unitary component integrally including &sid for- 
ward and aft sections (38a, b) and ligame-:s (46) 
therebetween, and said forward and aft secions are 
imperforate. 

25 

5. A fan de-coupling fuse (36) comprising: 

a unitary cylindrical ring (38) including an im- 
perforate forward section (38a), imperforate aft 
section (38b), and a center section ferebe- 30 
tween defined by a row of fuse holes -*4) cir- 
cumferentially spaced apart by corresicnding 
axial fuse ligaments (46) sized to fa under 
shear; 

an annular forward flange (40) integral * cined 35 
to said forward section: and 
an annular aft flange (42) integrally jo-=ed to 
said aft section 3(8b). 


a fan (12) attached to a fan shaft (20); 

a bearing (28) rotatably supporting said fan 

shaft (20); 

a fan de-coupling fuse (36) supporting said 
bearing (28), and including a unitary ring 38 
having a row of fuse holes (44) circumferentially 
spaced apart from each ether by axial fuse lig- 
aments (46) sized to fail under shear due to a 
predetermined abnormal load from said fan; 
and 

a bearing support (30) fbcedly joined to said 
fuse (36) for supporting said bearing (28) and 
fan shaft (20). 

10. A system according to claim 9 wherein: 

said fuse holes (44) are oval circumferentially 
between adjacent ligaments (46), and have 
semi-circular circumferer:ially opposite ends, 
and circumferentially straight axially opposite 
ends; and 

said ligaments have correspondingly narrow 
waists including notches ;n radially outer and 
inner surfaces thereof fo- reducing cross sec- 
tional area thereat. 


6. A fuse according to claim 5 wherein said hoes (44) 40 
are arcuate at said ligaments (46), and sa;d liga- 
ments correspondingly have narrow waists 

7. A fuse according to claim 6 wherein said ligr-nents 
(46) include corresponding notches (48) at said 45 
waists for reducing cross sectional area thereat. 


8. A fuse according to claim 7 wherein: 


said notches (48) are arcuate and dispised in 50 
radially outer and inner surfaces of sac liga- 
ments (46); and 

said fuse holes (44) are oval circumfe^ntially 
between adjacent ligaments (46), an: have 
semi-circular circumferentially opposite ends, 55 
and circumferentially straight axially oroosite 
ends. 
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FIG. 6 


